Objective: To examine the predictive value of end of treatment (EOT) outcomes for longer term recovery status.
Introduction
There is a significant interest in clinically meaningful outcomes in psychiatric disorders. [1] [2] [3] [4] [5] [6] Recovery is the main aim of most treatments for diseases; however, recovery is not often defined in clinical trials. Recovery in psychiatric disorders is difficult to define and operationalize. 7 Nonetheless, there has been a concerted effort to address the problem of defining recovery in some psychiatric disorders. For example, recovery from major depression is defined by a cut-point of 7 or less on the total Hamilton Rating Scale score as a uniform standard. 2 This standard is now generally included in outcome data for studies of major depression. Utilization of a common standard allows comparisons across studies. 6 To date, there remains little agreement about how best to define recovery for eating disorders. To learn more about the relationships between treatment outcome and recovery over time, we examined the predictive value of a range of end of treatment (EOT) variables for the achievement of a transdiagnostic conceptualization of recovery at follow-up (i.e., the absence of any eating disorder symptoms and normalization of physical, behavioral, and eating related cognitions) for each of the main eating disorder diagnostic categories [Anorexia Nervosa (AN), Bulimia Nervosa (BN), and Binge Eating Disorder (BED)]. The study utilizes archival data from a series of randomized clinical trials (RCTs) of treatments for these disorders in adults and adolescents.
Although a range of definitions of recovery have been proposed for AN, 5, 8, 9 using any one of these various standards leads to a wide range of recovery rates (3-96%) within the same group of adolescent AN patients 4, 5 and, in adults, to ranges of recovery rates from 24 to 78%. 10 In an exploratory study, Couturier and Lock determined that maintenance of recovery at 4-year follow-up in a sample of adolescents treated for AN was best predicted by a combination of attaining a post-treatment weight greater than 90% IBW and an EDE restraint subscale within 1 standard deviation of normal. 4 As noted, recovery implies the maintenance of improvements over a period of time. 8 Suggestions for the length of time needed for maintenance of symptomatic improvement to constitute recovery include 4 weeks, 11 8 weeks, 12,13 3 months, 8 and 1 year, but none of these have been established empirically. 14 Recovery from BN has also been defined in a variety of ways. Earlier studies most commonly defined treatment response as a significant (e.g., 80%) reduction in binge eating and purging from baseline to EOT. 15 In contrast, more recent studies use a more stringent definition of recovery; that is, abstinence from binge eating and purging for atleast 8 weeks, 16 or more commonly abstinence for 4 weeks. 15, [17] [18] [19] Less strict definitions of recovery in BN sometimes utilized include the presence of 1 or less weekly symptom episode over the prior 2 20 or 4 weeks. 21 For adults with BN, studies report estimated relapse rates from 30 to 63%, depending on the definitions of remission and relapse, suggesting that EOT outcomes may be poor predictors of longer term recovery. 22, 23 There are only two published RCTs of outpatient psychosocial treatments for adolescents. 24, 25 Each of these studies used the same marker for recovery, i.e., abstinence rates from binge eating and purging over the previous four weeks. As is the case for adult BN studies, only behavioral criteria were used in defining recovery for adolescents (that is, eating related psychological recovery was not included in the definition).
Researchers in BED also have not established a common definition for recovery from this disorder. Indeed, recovery is rarely chosen as a primary treatment outcome in BED. The most recent Cochrane review (2009), for example, identified its primary outcomes allowing comparisons among the reviewed psychological interventions for BED as "abstinence from binge eating at the end of the study" or "remission". 26 In some studies, references to abstinence from binge eating are used interchangeably with "recovery." 27 The definition of abstinence varies across studies. For example, abstinence has been defined as a lack of binge episodes (determined by reviews of patient food records) for the prior 1 week, 28 no binges for the last 2 weeks of treatment, 29 or no binges for the prior 28 days. 27 Some studies require abstinence from objective eating episodes as defined by the EDE and others from both objective and subjective eating episodes. An emerging standard threshold in outcome studies of BED defines abstinence as the absence of objective binge episodes (as determined by the EDE guidelines) over the prior 28 days. Fichter and Quadflieg examined outcome in a group of eating disordered patients in a 12 year longitudinal study, 30 and suggested that patients who recover from BED should be abstinent from objective binge episodes during the previous 3 months and be free of purging and other compensatory behaviors. In addition, these individuals could not report more than one objective overeating episode (as distinguished from a binge episode) per week during this same prior 3 months. Grilo et al. examined the natural course of BN and ED-NOS (which included BED) over 5 years. 31 Although the term recovery was not utilized, a good outcome was defined as 8 consecutive weeks with a psychiatric status rating of less than "2" for any eating disorder diagnosis. Perhaps, the most serious criticism of the current definitions of recovery in BED is the almost exclusive focus on behavioral remission, such as the absence of binge eating, and the lack of attention paid to psychological recovery.
Recently, Bardone-Cone et al. proposed that full recovery can be defined transdiagnostically for all individuals with an eating disorder, i.e., when they are indistinguishable from healthy controls on indices reflecting behavioral and psychological aspects of eating disorders. 32 These authors operationalized their definition of full recovery as follows: (1) no longer meeting diagnostic criteria for an eating disorder (AN, BN, or EDNOS); (2) no binge eating, purging (e.g., vomiting and laxative use), or fasting in the past 3 months; (3) a body mass index (BMI) of at least 18.5 kg/m2 (a BMI of 18.5-24.9 is considered normal by the World Health Organization); and (4) scores within 1 SD of agematched community norms on all the subscales of the EDE-Q. 33 In this study, we examined predictors of transdiagnostic recovery status at follow-up based on behavioral, psychological, and weight measures gathered at the EOT in samples of patients treated in RCTs for adolescent AN and BN, and adult AN, BN and BED.
Method

Participants
Analyses are based on data from five randomized clinical trials treating eating disorders in either an adult or adolescent population. 19, 24, [34] [35] [36] In all studies, the analysis required that a participant have both EOT and follow-up data (FU). We decided to use data on all female patients receiving active treatment as long as we had sufficient follow-up data for the analysis. Table 1 outlines the participant samples used for analysis in this study (Adolescent AN N 5 83; Adult AN N 5 28; Adolescent BN N 5 47; Adult BN N 5 101; Adult BED N 5 97).
End of Treatment Predictors of Recovery
Predictor variables for recovery at follow-up were measured in two ways: (1) at EOT and (2) as a change score calculated as the difference between measurements at EOT and baseline. Predictor variables used were the following:
Physical. BMI was computed as weight in kilograms divided by height in meters squared. Percent ideal body weight for age, sex, and height was determined by Centers for Disease Control and Prevention growth charts (http://www.cdc.gov/growthcharts/percentile_data_files. htm).
Psychological. The EDE is a standardized, validated investigator-based interview that measures the severity of the psychopathology of eating disorders. 37, 38 There are four subscales in addition to a global score.
Behavioral. In addition to psychopathology, the EDE measures frequency of key behaviors: objective binging and compensatory behaviors.
Definition of Recovery Utilized as the Outcome in the Predictor Analysis
We based our thresholds for recovery largely on the global and transdiagnostic definition described by Bardone-Cone above. 32 Participants (except adults with AN) were considered recovered if they met the following standards for physical, psychological, and behavioral recovery at follow-up:
1. Weight: percent IBW >95% based on age, height, and gender using Centers for Disease Control standards; 39 2. Psychological-Global Score on the EDE less than community norms 1 1 SD 37,38 and 3. No reported binges or compensatory behaviors as measured by EDE.
In the adult AN sample, so few participants (N 5 8) met all three criteria that the analysis was done separately for each of the three standards. Similarly, a cutpoint of BMI >19 was used for the definition of physical recovery rather than the more stringent %IBW>95% to allow a sufficient number of recovered for the analysis. Because the analysis of the adult AN sample was done with more flexible standards, these results should be considered preliminary.
Data Analysis
Independent sample t-tests and chi-square tests of independence were used to check for selection bias as not all participants in the original studies met the assessment criteria for this study. Prediction of recovery was determined using signal detection analysis (SDA). SDA is nonparametric process that uses recursive partitioning to determine subgroups that are more or less likely to have a specific binary outcome. SDA is an ideal technique to make medical decisions by evaluating the performance of diagnostic tests. 40, 41 Recursive partitioning, using the QROC program available at http://www.stanford.edu/~yesavage/ROC.html, independently selects the best cut-point for each predictor variable based on the weighted kappa values. Kraemer cites > .8 5 almost perfect .6-.8 5 substantial, .4-.6 5 moderate, and .2-.4 fair, < .2 slight or poor. 41 We consider only predictors with Kappa values > .4 (moderate) as clinically significant in our results. We used SDA to identify the most efficient predictors (behavioral, physical, and psychological) of recovery in each eating disorder sample. Efficient tests balance the two extremes of sensitivity (maximizing true positives) and specificity (maximizing true negatives). Table 2 displays descriptive statistics for the five samples. Three of the five samples used in this analysis: adolescent BN (N 5 49), adolescent AN (N 5 83), adult AN (N 5 28), did not differ in terms of baseline characteristics from the samples in the original study. However, the sample used in Descriptive statistics for the predictor variables are presented in Table 3 . Table 4 displays the results for the most efficient predictors for each diagnosis from the SDA analysis and Figure 1 illustrates the summary results for significant EOT predictors by age and diagnostic groups.
Results
Anorexia Nervosa
The most efficient predictor of recovery for adolescent AN was weight attainment to 95.2% of expected IBW (Kappa ES 5 .47). For adults with AN, the most efficient predictor of weight recovery (for adults this was a BMI > 19) was weight gain to greater than 85.8% of IBW (Kappa ES 5 .78). In addition, for adults with AN, the most efficient predictor of psychological recovery was achievement of an EDE weight concerns score below 1.8 (Kappa ES 5 .70). There were no efficient predictors of cessation of compensatory behaviors with medium or large Kappa ES.
Bulimia Nervosa
For adolescent BN, the most efficient predictor was the absence of compensatory behaviors (Kappa ES 5 .52) and a reduction in EDE restraint score of more than 3.4 from baseline to EOT (Kappa ES 5 .52). Seventy-two percent of the participants who met both criteria were recovered, whereas none of the participants who did not meet either criterion were considered recovered. Thirtyfive percent of those with one of the criteria met definition of full recovery. For adult BN, the best predictor was frequency of compensatory behaviors less than two times a month at EOT (Kappa ES5.41). 
Binge Eating Disorder
For BED, which was examined only in adults, attainment of an EDE global score of < 1.58 was the most efficient predictor (Kappa ES 5 .58). Binge eating levels per se were not a clinically significant predictor of recovery.
Discussion
As noted in the introduction, there is little agreement about the definition of recovery from eating disorders. However, a number of recent studies have used a defined threshold for recovery. 4, 15, 24, 36, 42 For the most part, these studies use definitions that are broadly transdiagnostic, often utilizing community norms on weight, eating related cognitions, and behaviors as the bases for defining recovery. Nonetheless, the relationship between the EOT response and recovery remains understudied; 4,5 however, both clinicians and patients share an interest in having treatment outcome predict future recovery. Hence, it is important to understand the probability that a patient's clinical status at the EOT leads to longer-term recovery. Because many eating disorders are subject to relapse after treatment, 16, 18, 43, 44 this information is needed to determine which patients likely require additional treatment.
Significant weight gain to a particular criterion by the EOT appears to be the best predictor of recovery for adolescents with AN. This finding is in accordance with previous studies. 4, 8 Unfortunately, because so few adults with AN in the study used for this report met even a lower threshold for recovery, it was not possible to ascertain any EOT predictors associated with a broad transdiagnostic conceptualization of recovery in this group. This finding is consistent with the observation that for persistently ill patients with AN a definition of recovery may not be helpful; instead, considerations of outcomes related to harm minimization, improvements in quality of life, and reduction of high risk behaviors might be more useful. 34, 45 Despite the common use of change in binge eating and purging rates as an outcome measure for studies of BN and BED, 15, 46 based on our study, binge eating rates at the EOT do not appear to be strongly related to recovery at follow-up for these disorders in adults. Instead, compensatory behaviors, (more broadly defined to include: purging, excessive exercise, diuretic use, and fasting) reduced to fewer than two per month at EOT, predicted transdiagnostic recovery in adult BN. Although abstinence from binge eating and purging was the outcome used in the two RCTs of adolescent BN, change on the EDE was not included in the definition of recovery in those studies. 24, 25 Our results suggest that including measures of change on eating related psychopathology as assessed by the EDE is likely important at the EOT in predicting longer-term recovery in this age group.
For BED, the best predictors of recovery were global changes in eating related psychopathology. The fact that binge eating rates themselves were not highly predictive of longer term recovery from BED is somewhat surprising as many would anticipate that behavior change in this domain is evidence of effective treatment over the longer term. [47] [48] [49] On the other hand, according to our analyses the importance of changes in eating related psychopathology at EOT suggests that cognitive change in this domain may be an important driver for maintenance of behavioral change over time. It is noteworthy that the EOT global EDE score that predicts recovery at follow-up in BED is exactly 1 SD above the community mean supporting the usefulness of the EDE as a measure of eating related psychopathology in BED. These results also suggest it is likely worthwhile to consider changes in eating related cognitions in considering recovery in BED.
Our results provide little support for the use of a uniform transdiagnostic definition of recovery for eating disorders, encompassing three criteria: weight, psychological, and compensatory behaviors. Only one entity, adolescent bulimia nervosa, had two predictive criteria: psychological and compensatory behaviors. This suggests that the best outcomes predicting future success are likely to be different in different disorders. At the same time, the results of this study provide support for the use of the EDE as a useful EOT measure for most types of EDs in predicting longer term outcome, though specific thresholds vary among the diagnostic groups.
There are significant limitations to this study. It is an exploratory study utilizing existing databases of participants and conducting a secondary analysis. Further, sample sizes are generally small and limit both our power to detect effects as well as limiting the generalizability of our findings. As noted, there are no agreed upon definitions for recovery for eating disorders and the transdiagnostic approach utilized here is only one approach, and other definitions of recovery could have been utilized. In addition, we modified this transdiagnostic approach for adults with AN, because so few participants in the studies recovered using it. We utilized data only in participants where we had sufficient follow-up data so not all participant data (intent-to-treat) from the original studies were able to be evaluated. Variables considered as possible predictors are consistent with those commonly identified in the literature and used in RCTs, but they are incomplete and other variables (e.g., changes in comorbid conditions, personality, and family functioning) not considered in this study may also be important. These limitations also significantly limit the generalizability of the results as expected in an exploratory study of this kind.
This study highlights some of the challenges inherent in developing and understanding the meaning of recovery for eating disorders. Nonetheless, in our view the importance of making progress in better defining recovery in eating disorders cannot be overstated. As with other disorders and diseases, common benchmarks that inform patients, clinicians, and researchers about progress and outcome are necessary. We need to speak a common language and share common goals to make significant progress in understanding and treating eating disorders. However, current data suggest in the field of eating disorders we still need to consider the stage of illness and specific diagnoses of patients when considering the definition of recovery.
From a clinical perspective, understanding that EOT outcomes may vary by diagnosis and age group is important because when we conclude treatment, it is important to inform our patients of the real likelihood that the effects of our treatment will be enduring and lead to recovery. Future research would benefit from longer-term treatment studies with an array of measures so that the time interval to establish recovery can be determined, rather than using an arbitrary length of time as in the present study. Such research to test threshold definitions of recovery will require collaboration among researchers as well as leadership and guidance from scientific and clinical organizations to develop and recommend working definitions of recovery in eating disorders and to promote reporting analyses using shared definitions of recovery outcomes in RCTs.
